CHAPTER 1 -PROBLEM 
SOLUTIONS 
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1 mA 
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y=/ff - 

10 mA x ID kO 
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/? 

mo a 


iVfjfrv Volis, rnilliumps, and constitute .. 

consisted! sel of ihhis 

1.2 (a) Pv PR = PO * 10 V x \ x 10* ^ 0 ? W 
Hills, R should h. r tvc a J W toting 

(b) P « 1 2 H h (40 x 10"Y x I x JO 3 = |,fi W 
riiLi.M, the resistor r.lti hjUJ luive n 2-W riding. 

(u> P pR (3 x Iff V x Hi y 10* - 0.09 W 
Thus. lire rcsisim should li.ivc a \V juim;\ 

(d) P - t : R » H X 10' 'r X SO x l o* = O. 16 w 

Thus, ihc* resistor shpulJ have n ' W rating 

<o) P= VVR - 2flV(l x liv't - 0.4 W 
CJiLiy, (he I'e.-siSEor should him- .i ' W rating 

(f) P = \fyft ~ f 1 V{ I f ID 3 ) s 0. 1 2 I W 



Thtir-. .1 rating of ■. W should thcore heath suffice 
IhiHjgh - 3 W would be jiruLlcni to allow for consistent 
tolerances and me&Surcmefil enuts. 

1 J (a) Y~IR = 10 mA x | kO 10 V 

t > = i 2 r = { ] n mA f x I kD = 100 tnW 

(b) S«V//p 10 V/l mA = 10 kQ 
p = VI = !0 V x 1 mA = m mW 

fc> I = P/V = ! W/lO V = 0.l A 
R=V/I = 10VAU A= 100 Q 

(d i V= m 0. 1 W/lfl mA - 1 CXI mW. 10 mA - I H V 
N = V//= 10 V/l 0 mA = 1 kQ 
(e) f* = / =-ftVH 

I =» JHMK) inW/TkTl ■= 3 ] & mA 
Vm IR -= 31 6 tnA x 1 kQ = 3S.fi V 


(Vdh'f V. JIlA, fell -KIl] liA 1 ^' c.nimsL'jiL' .1 L u:ihi 
of unite 




L5 Shunting the ]0 Hi by .i resistor of value R jvsliII 
in the combination having a resistance 
» - 

0,1 R+ 10 

["Si ii s , for ;i 3% reduction, 

R = 0.9*3 iy R - 990 kQ 
R + JO 


Fora 5ft reduction, 

R + 10 


0,95 R - 190 kQ 


For a 10% reduction, 

-JL~ = 0.90 -> ft - 90 m 
ft+ H) 

Foe n S0% reduction. 

— * 0 50 i? ft *> 10 fcfi 
ft + to 


Shunting the 10 Hi hv 


{ai IMQn&ullin 
R 10 x I QOO tt± 

** “ 1000 + to 3 1,01 

i In i 1 00 kQ results in 


9,9 kQ, Li 1% reduction; 


= 9.09 kQ, a 9.J% rediiciiiut; 


441 100+ 10 1,1 
(c) tti kQ results in 

= — — — = 5 kQ, a 50% reduction; 
** 10+10 


16 ' , '*’ =, '" r , « yr «; 

To find R,,„ we short circuit V ilLt and look back into 
node X, 

2 


ft* ^ ft, //ft, = 


ft, +ft. 


1.7 


-9 V 


6.8 ki'l ' 


-oVfi 



Thus, there art 17 jwyssible resistance values 





V n - 9- 


3.3 


3,3 +6.8 


= 2,94 V 
K 0 ^2.22kU 

l j nr ± 5 % res i su if ToIcftiucc ibe CArreme vriluts • ■>3 are 


33fl-0.(15) 

Qw ' tm 3.3(1 - 0.05) +6,8 ( 1 + 0.05) 

»2,75 V 


V . » c. 3 JCt +0,05} 

J ' n,,r ‘ 3( 1 +0 j 05) +<j.S( I -0,03) 

=i 3, 1 4 V 

line ejircrtic valuer of ft 0 arc 

R _ 3.3f ] -0.03) xfj.Kjl 

" 3,3(1 -0.05) + 6,8(1-0.05) 

- 2.22(1 -0,05)^2.11 kil 

flat,,* = 2.22(1 + 0.05)^2.33 kii 


1.8 +9 V 



9 V 


ID 10) 


■«+4 5 V 


!0U) 


■=■ toy to 

<>) 



V} 4 L5 V 


-J7k« 


^ IQltfl 


IS- 


10 


10 + -1,7 


10,2 V 


To urtluic V tl m I '.',00 V' we -fin i it Ulc ID-ki'J ;i’v>Sor 
by jl resistor ft u.-]uwe value is fudi that in if ft = 1 - 1 7 
+JS V 



Thus 


Now, 


-UI--L 

10 ft 9.4 
136.7 =-157kO 


H 0 = 10 kQ///t|R7 ktt 

= ¥4 y ^ 3.133- fcQ 

To mate R 0 = 3-. 33 wt add a series resistance of appro v 
iniaiejy 2(k) Q, as shown. 

+ 15 v 



To obtain V 0 - LO.QO V and R 0 - 3 kQ we have to 
shunt N«!i file 4. 7-ki2 arid the I ff-kQ resistors as shown. 
To yield -in output voltage V ti = I0.<>0 V we must have 

{Hji 10) ^ 2(V/4.7) 

— ^ J Hi~ 

ff,' = 2< (1} 


+ 1 5 V 

4 


r 


1.7 MT1 
■oK* 


M'lli 


1 ''c.ir H u - 3 kU we must have 

Riling 3 (2) 

Solving i I i -i i kI (2} yields 

ft; =4.5 kii 
Kf - 9$ kO 

whii I - :»jn I mt u-.rd so find ft, and R ? respectively, 

fit = 157 k£i 
= 90 kfl 



Ri + Rj 


/, = — = / - 
J?j ff , + fl, 

t^ = ¥- = i-JiL- 

Rj /f|+^ 2 


J 






11 J Connect a resistor R m parallel v^j(h Tn make 
h. — (and thus ihe current through ft. 0.8/ k 
fi should Ik- such 


0.2/ x \ kT2 “0-KW 
R- 250 Q 



(b) Connect a resistor in .scries with the load resistor R 
w a ' [ " raise the resistance of the load branch by 10%, 
hereby res to nog the current division ratio to UvS 
JesireJ value The added .'-erics resistance must he [ 0 % 
ofi? ie.. 0,1ft 



I'ti make iho current through ft equal to//3 we Anmt ft 
hy !i Jesistmiec W, uf value .such then die rnrrcnt though 
►t will ho 2//3; ihu.s 




ft, 


ft 

2 


Nic input resifstanee of the divider, ft^, >■, 


b>'OW i t ft | is 1 0% Inti litj'I'i, j l 1 


«, = i.if 

[lie problem can be solved mi wo way:, 

(JO Connect n resistor R. across ft, of value ifci 
R } fljfj = ft/2, [Juts 

ft,(1-lft/2) _ R 

fti+UAR/2) 2 

iAR^Ri+hiR 

2 


^R,= l ~ = s,j/f 





ft. H = rift// , “— 
3 

'ti l t;i '- higher than in case (a). 






0 


"© 

J mA 


I V 


fts 


then ,l village uf 0 io 

i<> v may develop 

-‘cross she source. To 
limit the voltage so d lc 
sfsccified maximum of 
1 V, wt have to shunt 

r l “sih a resistor ft whose value js such (hat site paral- 
lel combination of ft L and ft i$ si IcO. Thus, 


R + ft L 

ftziAil kQ 
=* ft =f LI k!2 



^ i tJi 


iiie resulting circuit, utilizing only one additional 
- si stor i . v sdue 1.1 kki creases a. current divider across 
the source. 


1/14 


0,5 ktt 0-5 kfi! 



-NW o I 

P Wv <3 2 

1 J V - 

- 15 V- 

^ 3 V- 


~ o> 

0 3 


{a) ifrj £cj 



J 1 





<io//tai = 6 m j iO'kii 4 



It 


TMveftin equivalent; 


10 


1 y 

1 TO - 16 
= 0.77 V 


_ 


. LU 165- 6.15 kft 

Wv 


4 


<i.l 5 Hi 

— -Wr *- 



Now, Will'll U I'eskliMCC of I.S kfl ix CCHlIlCtUX) 
between -1 JktkiJ ground, 

/ - 0-77 

= 6.15+ 1.5 
= 0-1 mA 

I, Ur (ft) Node equation at the comimm nuxlc yields 
/ ( = /i +4 

Using tie Inct dull the mhu of the vintage do'p.s ik ;• 
ft) mu I H i equals 15 V. we write 
1 5 '•= i\t(\ + tj.ft j 
= io/, +(;,+/,)x2 
= 12/] + 2/; 

+ 15 V 


+ 10 V 



Hint is, 

12/,+2/ 2 =15 (1) 

Similarly, the voltage drops across k- L and R , add up to 
10 V, thus 

10 - tjKn + I$3 
= 5/ : + r/| + / : )x2 

winch yields 

2/,+7/^KJ I2> 

Equations (].) and (2) can he solved together by multi- 
plying (2) by 0, 


Now, subtracting j 1 > tram pi yields 
40/, =45 
/j = 1,125 mA 
Sub.vLM tiring m {Zj gives 

2/, = to- 7 x 1.125 mA 
=i /, - 1.0&25 mA 

/, = /, 4 /<• 

- 1.0625+ 1.12JO 

- 1,1875 mA 

= 1.1875 x 2 - 2.3750 V 

Tn summitme 

f, 1.06 mA h ' 1-13 mA 

1.19 mA V - 2,38 V 

<h) A hvxle Cfjuatiun at the common nude eon be widen 
lit ECIJTK of Vo* 

15 ■ ^ 10 V V 

* R t * fl : H , 

Tims, 

15 r , 10 - V V 

10 5 2 

=? 0.8 V «0<5 


-> 1 ^ 2 375 V 


Now f 2 , *nd / 1 can be easily Ituintl -is 
, _ 15- V_ 15-2J75 

' i 


10 


10 


H625 mA - j I .t>5 eii A 


/* 




10 - V ^ 10-2 375 
5 5 

V 2.375 


1 125 m A =* 1.13 mA 


= 1.1875 rnA =1 19 rnA 


Method ib] i- much preferred faster, mate insightful 
□ ml less prone tn l-tt.ts In general, une attempts to 
identify li:e k- ^t passible number of variables and write 
the cone ponding msnimum number of equations. 


1,17 Sec diagram 

(1 // 12) | 

— Wv 0- 


0,5*15 kU 

1.2 


“ •■ ■ 


1 . 2 + J 

= 4 909 V 


u 


AW 

fU 

J kh 


2 (9.1 //It) 

— o Wv 

4 960 kl) 

» ■ 
It +9.1 
= 4.925 V 


4.925-4.909 
- 4,98+3 +0.545 


V t = \M ,liA x 3 ktt = 5.6*1 mV 


12/, + 42/, = 60 


0) 


LIS From the syrmnelfj nl Ihe circuit, <lrcre Will be 
no current in tf,. (Otherwise ihe symmetry wcutd be 
viukiiwl.)Thus E4ieh branch will finj' .1 ctincm V r , 2 Sdl 
urn! f , will be llic stun of ihe iwn current. 

! - Hl-Zl. 

' zu) 1 kn 

t t - ivji kh 



' E2nJh. 

= 3 ktt 

* a 

Now, il' l!- raised to 1.2 Id l ihe symmetr} will 
hi- broken. To find we uie 'Elieivemn'i iheofem its 
follows: 


U S4SV -0 5V 
= = 0.022 V', 

0-5 + I + 0.545 

V, - y + 0.922 V, x O J 

= 0.5 V ± x 1.022 = 0.51 ! V, 

V 3 = V, -i- / 5 W 5 = 0.533 V . 

v - y, 

= + / 2 = 0.956 v\ 

- * = V * 

^ ' pq — jf 


h 






u 


wjfx 2 ) I 

-^v\\ > 

0.5 kil v i 



R, 


2 

o AVv 

k'j 11.545 bl! 



0.545 V 


- 1.05 lift 





U9 (a) T- IQ -4 m-s = 10 7 $ 
f = f= t0 7 Hi 
w«2af-GM x W 7 Hz 

(b)/«i \(fm 
r = i = io “% 

s 6.2S x 10* rad/s 
(C) fl>^6.2?tx Mr rad/s 

/ - -- = I0 J Hz 

iX 

j a 10 ; s 

(il) T = ! (} p 

/ = 10 f Hz 

^ 2//. 6.2fiv IQ 1 tmiA 

(fit / • 60 Hz 

i = j - r .6 ?x io % 

nt ~. 2a 1= 1,77 y J0%od/s 
ft) o> — 3 LfiuU& = 10%ad/s 

/ = “ = 1 Wx 10 3 Hi 
2 n 

T = i a 6 . 2ft x itr 3 * 

(£J/= 1900 MHz- 1.0X10* ffc 

r - J - 0.526 x 10 % 

to-2^/= 1. 194 x lO’md/s 

00 2 — I fciiataJf frequendcs 

(b) Z= \/}ttiC--j 1 

2nf x ] 0 x IQ -9 

Al/= 60 Hz, 2--/265kn 
At /= 100 kHz, Z-~j]59ll 
At/=1 GHz, 

( c ) Z - l / jfflCs 7 / — - L _ 

2k f x 2 x JO' 3 '' 

At /= 60 Hz, Z = -/|,33 GO 
A 1 / = r 00 kHz.. Z = -/ Q.R MQ 
At/- J GHz, Z= -/79.6 ft 


I'd) Z-/f<l6= / -2j T /L= j f2 1 r r />: [(} x |f% 

Ai/^WHK, Z =/ 3,77 ft 
Al/ - 1 00 kHz, Z=jf6,2Skft 
At/alOHz. Z=j'62.EMO 

Ul ( n ) / ^ ^ 

/fflC 

« 10 J + - = J _^_ 

/2 zrx [Ox 10% 1 0 x J [) '* 
~(l “jl 59) kft 

(W Z* i + j&C 

ft 

- ■ \- t + /2 jtx 10 X 10 ' k 0,0 1 X lo 6 
10 

= lo^d -i- ;a62S) o 

5^1 . -WO 
Z I + / Q .62 S 
« j 000(1 - ;062 g ) 

I +0.62S 2 

*(717,2-/45^4) ft 
(c) y =! i *■ /nc 

It 

^ ~fJ 7%%> + /2 * X m x H) ' * too x 10 ■■ 

= 30%| * jO . G 28) 


( + yG .628 

= f 7 J .72 - /45 jQ4) kft 
fd ) 2 = R +jtaL 

= IfJTJ +J2x x lOx JO 3 x 10 x 10' 3 
- 300-1-/6.28 X [00 
~{](»4-/£2S)-Q 

1-22 

R, 




V, = V?, 


Thus, 



(El> t?, U 1T = IP v 

* « .AL V . = 0. 1 Mfl = 100 kin 

' | w too jjA 

(b) HfP iu = 0'1 V 

i, - f, - lOjLiA 

i# ^ Iif = A*V- = 0 , 0 i M£1 ■ 10 k£l 
' E 10 fih 


"Hie Norton current i, can be found els 

_S = 3S I 6mV F , 35 

■ fl t 58.6 kti 

1.24 The observed output voltage is I rnV/"(,' which is 
i.hjc half the volume Specified by the sensor, prfiJfuin- 
Ahh under open -circuit conditions that is without m 
hud connected, tt follows that ili.il .sensor interim! 
resistance must be equa] to k s , i.e.* 10 kQ. 




Dividing (!) by (2) gives 

\+{R/m ^ 
t+tJf/lLK)> 

=* R*~ 28.6 kO 

Substituting in [2> gives 

i- t = 3S.6 mV 



til 


(2) 


1.26 



A, rcpieKnti (he input resistance of the processor 
For ^ = 0.9^ 


For L = 0.9 i 


0,9 = 


*■ 

X; + Ri. 


R l = R./9 



.27 


Case 

fi> |ra d/s) 

f |Hz) 

t m 

li 

&.2H x KJ g 

1 x 10^ 

f x JO^ 

h 

JxtQ 9 

t.59 X J0 K 

b 28 » 111 " 

c 

6.28 * I.U Kl 

t X 1 D 1 0 

1 x |0~" 

d 

3,77 x 10 : 

$ 

1 .67 x KT J 

e 

6.2K x I0 3 

Ex 10 s 

1 K 10° 

f 

6.28 x I0 & 

1 x 10® 

1 x to" 4 


lhal 4 V/ .7 - 44 i hi V. Thus. 
Ptiifc-lo- peak amplitude - IV 

I 


441 x.| - ( 5$3 mV 


Period 7" - — = • — 

f 14 x 10 


3 = 7 i ,4 V* 


1.28 (a) Vp A = 117 x Jl = lf)S V 

m V *31,9/$= 24V 

(c) 1^ = 220x^-311 V 
fd) u 220x^2 -311 SiV 

1. 29 (a) r t ■ 10 sm (2 jt >: 1 O' 4 /)* V 
(h) ti(= 120^5 sin(2ffxftOK V 

(c) w-0,1 sin {1000/), V 

(d) flaOj sin (2 xx lO^O. V 

1.30 Comparing the given waveform to ihai described 
hy S-q. 1.2 we observe that the yivtn wave (pm has -ir: 
nmpli tilde f>( 0,5 V it V ]i*ak T TO-pCLilO nnd its level is 
shilled up hy 05 V (die first term in the equation h 
I’hws ihe waveform liK>k u.s follows 


I v 


1.32 Tn he barely audible by a relatively young 
listener, :hc 5ils harmonic ftium be limited to 20 kHz; 
thus she limdmrtemal wilt be 4 kHz. At the low end. 
hearing extends. down to .ihuiil 20 For the fifth nnd 
lliglXT i-O be audible die fifth mufct be rto lower than 
iOIli., Correspondingly, I he fundurrienlnl will be at 4 Hz, 

1.33 If rfvr am pit y 

tode of she square 
wave is V n iJ-scn the 

pu^cr delivered by K* ^ ^ ^ 
the square wave to 

-i rttvistanoc R wjd it V ,/’k Sr' diiv power is to equal 
that delivered try a sine wave of peak amplitude f' then 

R ft 

Tims, V^= V/Jl Hus iesult rs independent of fre- 
quency 

1.34 Decimal 

0 

5 

6 
1$ 

57 

1+35 b , 6, b, h, 


Slnary 

0 
toi 
EtXXi 
I tool 
1 1 1001 

Value ?iepre5efitfid 


1 

0 

0 

0 

0 

-1-0 

Average value - ft.5 V 

0 

0 

0 

1 

+1 

Penk-lD-peak value- t V 

0 

0 

5 

0 

¥2 

Losvc&l value = 0 V 

o 

q 

| 


t-3 

Highest value - I V 

0 

i 

0 

0 

+4 

Period T = — = — = 10 -I s 

o 

1 

0 

\ 

■+5 

fa 

0 

3 

1 

0 

+6 

1 +3 1 The two hanmon it s have l he ratio 1 26/ 9 & = 9/7. 

0 

1 

1 

1 

+7 

'["bus, these are the 7lh and 9th harmonies. From 

1 

0 

G 

0 


Eq. 3,2 we note thaL the amplitudes of these two har- 

I 

0 

0 

[ 


monies wjlJ have the ratio 7 to 9, which is confirmed 

3 

0 

l 

0 

-2 

by the measurement reported, Thus the fundamental 

1 

0 

1 

1 

-3 

svill have a frequency of 93/7 or £4 kHz and peak 

! 

3 

0 

0 

jt 

amplitude of 63 x 7 = 441 mV The rms value of the 

S 

i 

0 

1 

-5 

fundamental will he 441/^2 - 312 mV To find ihe 

t 

t 

1 

D 

-6 

peak -to- peak amplitude of the square wave we note 

\ 

E 

1 

1 

-7 


N<nc that ilii^rL- arc lv\u possible rcinest* motion of zcrc 
Ol)LK>at»ij ]00a Few a 0.5 V step analog signals In 
i lie range fl.SV can be represented 


ret 


10 V f t I 

■■ 5~m{ 2 '2 Z 



- t .96875 niA 


<T>pirt 

Steps 

C&tte 

+2.5 V 

45 

OHM 

-3.0 V 


mo 

42.7 

i 5 

0101 

- 2,8 

-6 

mo 


L.Vi (a* i n ,V NK there will ! n r ' ' posable levels 
from 0 lei V ',1 y Thus there will he ( 2 1 ) dira- fete i-teps 
from l 1 m F r v wish the stfip u* j c ^iven Lis 

Step sure - 

2 - ! 


Phis ih the analog change ^dffcspowiinjr Ju a . huugc in 
■ In: LKlJ ll i\Wk v.iluc tif lIk rt&oluliun M she A3H 1 


(h) The masurium eriw 
in conversion octws 
when 1 1 lc Jinalcjg signal 
v is I mi i.s .ii the middle of 
n '.ifp, [TiU'V dr maxi* 

mum emir is 


1 
’ I C I 

I 


1 

5 


x step sue 


3 

2 



This is known as the quanti/aium em i 
10 V 


(O 


2* - I 

2*- I £ 2000 

2 W £2O01 


v= n 


For N = 11* 

Resolution =■ — — ' = 4.9 mV 

2-1 

Quantization error = - Q = 2.4 mV 


t.37 Wh n b, : = 1. lhe rth switch ifr hi position E and a 
current flows to the ulpu). Thus i g wtJi be 

the sum of all the currents iVTmpt.iiiiiirij: T -> T' hits. t.e.. 



Conrc.spo/iding tn she 1 STi changing from 0 in I disj 

output chargas by 10/5x3 /2 - 0,03125 nr A. 

! JkS TIumc will be FI, IDO .sample* per Ntitioritl with 
i , ample represented by 1 6 bits. Thus die through- 
puior *p«(l will be M. 100 * |6 - 7,056 x # bits pet 

UCOlld. 

139 tflj A ^ fjf « -LSJ — = 100 WV 
tr t 100 tn V 

Of, 2.13 tog 100 - 4t)dK 

L r 10 V/IOQ il _ 0 t_A_ 

A{ = l = I, 100 }i A E too flA 

= 1000 A/A 

or. 2U log I0CKI* = 60 UR 

A = ^ if* 100 x 1000 

' wpj Vi U 

= L(t s W/W 
or 10 tog 10 5 = 50 iffi 

or, 20 log 2 .< I0 1 ^ 106 tin 

= _ y'fl,. _ 1 V/10 kll 

'' ' T { ~ r, too nA 

= a: l[iA = . x !?■ = 2000 A/ A 

1CXI nA J00x 10 9 

or 20 Log A: = 66 dS 

.4 - T^',- _ TJ n ,. c l a 

P V* O' 

= 2 x I0 5 .x 2000 
= 4 x !0- WAV 

ar 10 log A r - §6 OB 

<o -^=-- 7 /= 1(1 v/v 

I V 

or, 20 1 0 = 20 tlB 

4 ^ _ 10 V/10 « 

1 f £ (j I mA 

±± SA. = 1000 A/A 
1 mA 


(tn bf, is the L5B 
b | 1.1 itie MSB 



or, 20 lop iodo - w tin 


vfa Vi i{ 
rn W x 1000= ]Q J WAV 


or ]Olog| tt ^*40 JB 

UK 


f iv 



= 1 I V/V 

or 20 Ing II 20 . H dti 

x i, 22 V/IOttQ 
* 1 r'j I m A 


= ----- = 22 A/A 

I JiiA 


L4E For S V: 

i;w Jarcest undistortcJ sine-wave output is of 3.K-V 
peak amplitude or IS/Jl =2.7 V mv Input needed is 
5 4 mV 

Supplies .u-l- ami ~ V BD 



RS t Vtx t = 10 V, i he I orgeat umiismrted sine- wave otii- 
pvt '* °f s S-V peak LimpUtudc or 6.2 V^. Input needed 
is 12.4 tnV,,^. 

Sn: V,,;. ~ 15 V, [he largest undivtoned vine -wave 
output is of E2.!t-V peak amplitude or y.JH V imi . The 
input needed is 0.8 V 500 - 19.6 rnW m 

1.42 (a) For an output whose ejtrrctncs iirc just m die 
edge of clipping, i.e„ .to output of 9-V^,., the input 
must hove 9 V / 1000 = 9 mV^ a . 


or, 20 log A, - 26.* (IB 

A _ P„ _ ( 2 . 24 / 2 ? Vi on 

'" Pi 0.2 10"' 1 

«/ 5 * J 2 

- 242 \V7W 

or, 10 tog A p - 23 .S dB 

Supply power = 2x3 V x 20 mA - 120 m\V 

Output powers ^f 5 - L = '--■ ", = 24 2 mW 

a y ] CK.) £i 

Input power - - 0. 1 mW (negligible; 

242 

Am |>l iri:;r di ssipai i on » SuppJ v power Out put pm-w cr 
= 120 -24,2= 95.8 mW 

Amplifier efficiency = x ^ 

Supply power 

= 100 = 20 . 2 % 



i b) Far an output that ls dipping 90% of the time, 
B = 0.1 x 90 : - 9° and V f sin 9* = 9 V => V p = 57.5 V 
which Of co imse does not occur as the output Saturates 
m ±9 V To produce ibis result, the input pc;ik must lie 
57.5/ 1000 = 57.5 mV. 



( c ) For an output that i& clipping 99^ of ihe time, 
& i 0.01 x 90^ - 09* 

v,m 0,9* = 9 v 

^ V, = 57JV 

and die input muM be. 573 V ' 1000 or 0.573 V-*„. 

1,43 When ihe amplifier i x biased ml 4 V five., at point 
y,). die maximum possible amplitude of a sine- wave 
output without clipping is f4 - 1.5) = 2.5 V. fll 



To obtain (he largest undiitoixed sine wave output pos- 
sible wiih ibis amplifier, il must hr biased hull was 
between uV .^turaiioo Sts els, i.e. r .it V# = (S + I-5J/2 = 
4 ,7fl v (point C2i) and ifte resulting ouipul will have a 
peals value of 8 - 4.75 - 4,75 - 1.50= X25 V. 


1.44 u o =10-5(o,-2) J f %£0 

(a) For v t £2 V, tr 0 = 10 V. 

The upper limit on i* is found by substituting u, = 
IVj # 2, [hat ts h i.'j - 2 m ihe transfer etaJ^ieriitie 
The result is - 10 - 5i^. whose solution is u y - 
1.317 V and the cones ponding 1.7 = 3.3 1 7 V. To obtain 
a skeleh of ;v.i versus iv. we evaluate ip for values of y, 
i n i he range 2 V to 3.3 1 7 V L he rrs - j l( is the foil own n e 
sketch 





ib) 

(c) 


To obtain V a * 5 v we bins at V, 
5 mall -signal gain at bias point - 


= 3 V. 
0p, j 


= -5x2(V,- 2)=i-10 V/V 
(d) i ■,■ ~ 3 -i- Vj tos fut 

t' H> 3 1 0 - 5(2 + V t cos ft* - 2 y 

- U) - 5(1 + 2V,- cos ox t v; coif ov) 

= S - lOVjCos tot- SVff • + ^cos 2fut] 

_ (5,-2.5vf) - IDV^coSflJf - 2.5 V^eos 2<ur 
Fundamental 2nd harmonic 
E '.ir pty second -harmonic distortion; .1.5 V, 3 / 10V, 0.01 


Thu*. 


1.45 


V ,iOxMv=40ntV 
* 2,5 


= — x 10x— = 8,26 V/V 

ii n 

or. 201og8.26-IS.3d0 

— = ‘' N -' ^ x jl< ' ' - 

,b) u, "fl r +fl,. ' Pfl + * , 

= 0.5 x IQxO .5 = 2,5 V/V 


or, 20 log 2.5 = & dB 
»>* v, °- 



xA„ x 


f?y i 0 


y ifl T /i0)+fl r ^ (flyio)+fl e 

- J_ x 10 x — = 0.033 V/V 
11 U 

or 20 log 0.063 = -21.6 dfl 


I 


4 


I,4f. 20 log 4, - 40 dB A s | Ofi V/V 

ion 



fc KHIx 


roo 


100+ 10 
90.9 V/V 


or, 20 tog 909 - aj, i jfj 


. i>ym jti 

>+ = -• — 
!■■ /[ Mii 


A\ x 1 0 4 KAxKVWAV 


or lOtog (8.3 x JO 7 ) - 79.1 ilB, 

Hjr a peak output sine -wave am-cni of [00 ft. ibe 
l* J * output voltage will hr Jtiti mA x J00 £2 * JO V 
CriRHpQndiiigLy v s will he a me wave wiih a peak 
viLliie of 10 V/A„ = J 0/90.9 or m ran* value of 
10/(90.9 x*/2}= 0.0S V. 

Loitespondiitg output power = (l0/^2)VlOO Q 
= 0.5 W 


J.47 


mo kn 


i kH 



^xiftoox-ijl^wv 


Ric signal Joses about 90% of sis scrcsigOi when con- 
nected to the amplifier input (because R i ■= ff/ify. AJso, 
the output signal of the amplifier lows approximately 
*:>% of its strength when the load ts connected 


(because R f — Not a good design! Neverthe- 

less, if the source were connected directly to the load, 


R/ 


v, R f + R, 

100 fi 


100 £2 + 100 k£2 
-- 0,001 V/V 
ft, - loo kn 



•■siiiici'i is clearly a much wane situation, Indeed insert- 
tng tile amplifier increases the gain by a factor 
8/3/04)0 1 =i 8300, 


L4M 


H»fcfl 


ion 



i v x ■ 1 M .£ xlx loo n 


1 M£l+ JOO kQ ' 100 £2+ LO Q 

Vijiltags gam = ~ = 0.83 VA' or -1.6 dB 

r - vj 100 fl 

Current gam - — = o 83 x I lx 10 

if/ll MQ 1,JXI " 

^9091 A/A or 79,2 dB 

Power gain = / -/ [<J} ** = 7578 WAV 

vyu MQ 

or JO tog 7578= 38.8 dB 

■.Tr-s takes into aca, the power dissipated in the internal 
resistance of the source.) 


50 Case fn} S-A-B-l 



1 '"- JQ -m- m - i - 100 

t -, \n+m ioo+io ioo+ m 

= 4.1 Y/V 


Crist lb) S- ii-A-L 


nr 20 fog ■! L =i 12.4 rfB 


4 

i 


I QQ left 1 






r 

i 


JOkli I 



^ 100 ■ H » kfl i: m x 100 

% 100+100 IQkQ+lGCm lOOfl+lOfcfi 


= 0.5 x ~~~ < JOOx 0 1 


10.1 
- 0.5 VAT 


SO. I 
-6JB 


Ibus. obviously cj 1 st (a) i c . SAUL is preferred 

1.51 


R s = | 0 M 1 

— Vv\ — 


>., = ]»nV (T) 
_ 


! K il 

-►.LJ 


J . 


««, 1 *** { 



‘iwge S 




Required eve rul) vidmgi; gain - 2 V / I(J mV j'*i V/V 
Each jitugu is capable of providing a maximum vnltugc 
gam of t() [the operv t-ncui t gain value j I c-i n -.i ,i l- l-.-. in 
cascade die rnasimum (unattainable) voltage gain in 
JO 1 ’, We duns see lhat we need at least 3 stages T'or 
3 stages. die overall voliage gam obtained is 


K, 

", 


10 


104 t(> 


x 10 x 


ID 


1 + EO 


:■ 10 x 


HI 


1 + EO 


> 10 x 


i + r 


= 206,6 V/V 

rims, Hucc singes siilhuc and pumdc a gain filijfillv 
Liiitj iIuln i^iuimJ nit' (.nilfun vc. 1 1 age nclimlly obtiincil 
is 10 mV* mo ^=2.07 V. 


1.53 



^ = 30nv/v 


(b) I’hc smallest ft) nllowird etc obtained from 

0.1M=““ =* *, + /<,= lEXUQ 

4 n ) 


'lira* R; = 00 to. 
For A 1 , = 90 k£l, r’l 

Overall current gain 


Overall power gain 


0, | pA peak, and 

v,/Rl 

h 


3 mA 
0, L j jA 


k ]0\A/A 


rrhiv takes inio aeeL the power tbvoprutij in thsc internal 
resistance of die iqttfce.f 

(C) If M, ^fus its peak value limned to 5 V, [lie Imi:- 
tsi value of tf., found from 


5 X 




ftt+H 


= > ^ M = 


^,= 


667 tl 


fff wctt greater than this value, the output voltage, 
across Rt would be less than 3 V,) 


ul> I“tir Afj 'HI kii and R. 1 .J, the required value 
m A . can be found from 

30t) V/V * * ,4 * 1 

W+|0 “* I 4 0,667 

s> 4 k = 555.7 V/V 

r j 


!>> R. lOU kSi it .< It)' a I 

ioo a a x io' ay 


joo = 


HKl x A 1000 

: ■ : ' ‘ 10004100 


-» A r = M3WV 


1 .54 



= 303 mV 


(b) 


% _ 3 03 mV 

it, 10 mV 


= 30,3 V/V 



E 000 x 


too 

100+20-3 


333.3 V/V 


>i y r 

J'.rnKl ■ '■ r(rnHl 



Conned a resistance. R } , in parallel wish !+l- input and 
^otcci its value from 


JRjtfO_ = | R t 
r M *<>+*# i fti+K 


] + -— '— = 22 
R r U , 

± + 1 = 1L 

£ ff, JOQ 




m 

21 


k 


r 


_J 

o ,' i 'i : 


9 1 kfl 


t.5S 



3 300 — 


90.9 4 
A 


39 2 dli 


(l>) Voltage gain 


C. 

v, 

tj ^ 

tj «, + *, 


= 90 9 >; — rr 
ID1 


^ 0.9 V/V = -0,9 (5B 


JP j 

(c) Kowlij gain = A y - — 

u p , i 

■= 0.9 x 90.9 
= 8J.H WAV - 19.1 JR 



= 40 mA/V 
/?.,= 20 kQ 
J? t = 1 U2 


W = l, r 


R t + IT. 




2 + 2 


V. 

2 


rr, - tf/U 

lf1 20 X I ¥p 

° 40 iim 1 

- 40^ i 
21 2 


Overall voltage gain a ~ = 3 9.05 V/V 

■T. 1 !' 

] .57 A voltage amplifier is res | Lured. 



To limit the change in u u to 10% tut W, varies from I to 
HI fell we select R, sufficiently lurge; 

Thwiflj - 100 kil. 

To limit die c| Lunge in v u cofWsjJondJng to R, vary- 
ing in the range I to 1 0 kJL 2 , Lo J UA. , we selecl /?.., siilli- 
ciently small; 

10 


Thus,, 


R= UK) ii 


R. 




I = 0.01 


100 


-.4, 


» + *, 

1000 


too +10 '’“ 1000 + 100 
.4., = 121 v/v 


100 si 



IfiOtft 


I- 


Out 



J r ?8 Currf rir amplifier. 


ho r l j | - 1 0 m V 



ihe range l in IQ kU, in 10% wr wlccl H , sufficiently 
low sen that, 

M'WIO 

Thus.flj- 100Q 

To limit the change in f v ns. changes fmm l in 

IQ k£2, in IQ% wc select tt L , sufficiently large; 


n ms. /r.. ioo kix 

Nnwlbr/j tO jiJtA, 


'rMn|ft 


^ i min t" 


Thus, 



_ .fl-a 1000 . 100 

KTOh 100 ' J )Q0 + 10 
V A u - 121 A/A 



l.Stl Tnireseonduenmec amplifier 


1 to IftkE'i 



For ft, varying In the range I in 10 k£i, and A: limned 
to 10% we have in select /?, sufficiently large: 

«j= IK) k£’2 

For ft,. varying in [he range I to 1 Q kO. the change in 
can he kept to 10% if R„ is selected sufficiency large; 

iinj.s/? ; , = lookn 


= 10 


A.-+ R t: 


G m 






10^*10“* m - m 


loo + 10 - 100 + 10 

G m = 1.21 x 10 1 A/V 
- 121 mA/V 



I .fiD | r-r.Nuncc amplifier 



To If nil A i'.. H i(' lO'f currc spending lo R, varying in the 
range t to Id kii, we select k , sufficiently low: 


Thus, k .= joun 

! o Jsmit Alj. to 10% while R L vanes over the range 1 ta 
It) fclh we select tf, sufficiently tow; 

ApSJWHO 


■nui s,^=ux>a 

Now, fori, ^ 10 fiA t 

= 10" \ J?jjM 

^ J zub + Ri + ^ 

t = ip-* IKX) 1000 

1O0Q+ 100 "'1000+ 1Q0 
=> R m = Lit x [0 s 
= 121 kfl 


toon 



[ 


L64 



/C - _ t'~ ! V _ [ j.q 

ShO rt-circ lilt outfpuf current 10 mA 


tJ -" l0x TT4 = 8V 


* vj i x io‘ J x(!M# io) x so 5 
* ggg v/v w 5&9 <fB 

«„ _ ty/Jfj. = 8/{4 x 10 1 ) 
• f /, m -3 v 100 ' }{r * y ]0Q 

111 *Too71o TTo 

= 2200 A/A or 66.8 dB 


A, - 


kV Wj. 


B /[ 4 x IQ ) 


1Q~ J x '^ - V 10 k IG J 


Overall L-umMtt gain a 


W fu - 

l 3 oo+ io; 

1 9,36 x ! 0 * WAV or 62-9 dB 

L 

lyA 

= _ 8/(4 X 10*) 

ijiA m J 
= 2000 A/A or 66 dB 

1 . 65 U s i ng die voltage d t v i he r : a le 

ff. 



K f+K, 


Vi 


1 


1 *F,Y t 


l + # 


■&5 +lC ‘) 


l + + »C,rt r 

fl. 


*M) 


+ vC, 


I + 


'*i>*480 


A Hf, I - 4 - jC,{Aj ffAT r > 

I 'lii is transfer function is of the STC low -puss type 
wish a dt gain A' ~ R/{R t ± Sind ii 3’dH Ire- 
quency rr^i - 

Pot /?, - 20 kfi, ft - 80 kU ami Cj *» 5 pl J , 

1 




5 x 10 "” * « I 0 a 

20 + 80 


1.25 ;■; UY nul h 


f a Si a l-^- X ^ =- 2 Mill! 
/0 In 2 jt 


L 6 * Using the voltage-divider rule, 



ru) = £ 


‘ /f: + ^L + ” 

v L- 


ft + ft* 1 

C(ft+ft) 

which from Table 3.2 is of the high-pass type with 


A' = 


and 


(%- 


R | + R> 


1 . 

C(ft + ftj 





As n further verification that thi.h is a Jugli-p;^ network 
and 71 (j) is a high-pass transfer fund ion we observe as at 
a = 0, T{s) - f); and thal as v ■> . 7 (ji ■= R/tR, + A' ; l 
Also, from I he circuit observe .w at s — + i' 1/u'i — > o 
and = Rj/{R X + ft : ). Now, for ft, ^ 10 kfl, = 
40 k£h luiil C 0. 1 pF r 

f = ^ FTT ] 

2;r 2 jcx 0. J x lO"^ 10+40) x to 1 
-31.8 Hi 


t*WH - 1 “ To^f ■ a57 v/v 

1.67 Using the voltage divider rate, 



*L + ** j + > 

which i,s of the high-puss STC type ( see i itbJe I 3i wilts 


A' - 


For/-, < ]Q Hz 




or-,= 


I 




2,tC(j e ? i +/TJ 
=± C2 


< ]() 


2,tx 10(20 + 5) x 10 


Thus, the stna]|esi vjtlue of Cthat will do Ok i:>b is C - 
0.64 i#. 

1.68 [he given measured dam. indurate dui ;hi^ amp':i- 
Jkc has a low-pass SJ'C fnaquem-y response with a 3c, v- 
frequcncy gaitj of 40 dB. and a 3-dS frequent , 
K/ 1 H/.. From oirr knowledge of the Rode plots for 
low-pass STC networks (Figure . . i we onn complete 
the Tabic entries and .sketch the amplifier frequent, 
response. 



in, dB 

4 


40 

57 




JO - 

20 

10 - 


- 20 tlRAJcCadc 




f(H/j 

t riidai 

. T (decjre e*) 

1000 

40 

"S-7- 

10’* 

57 

-45* 

to 1 

20 

-M.r 

10^ 

0 

-W J 


T.b'J Prom our knowledge of the Bode plots of STC 
low -pass and fugh-pjiis networks we >ec Lhnt this 
amplifier has a mid-h:mtl e;nn of 40 JB, .t low-frequency 
ncsExinsc of the lugh-pasi STC type with / JlB = !0 3 Hz, 
ami a high-frequency response or the low-pass STC 
type with/ua - 10 \\j. Wc thus. cun sketch the ampli- 
fier frequency response md complete the lahlc entries 
iti follows. 


in. dB 


A 


r20dSftttode I 

1 - 2nd B, 'decade 

- 1 /f T ' 

r\ / 

\f i 5<1B 

34B 1 \1 

/ 40 dB 1 \ 

-/II 1 1 \ 

Z E — ! 1 ] 

1 i 1 \ 


1{F lfl> 10* io= io* 

W> 

[13* / 

^ — 5 -JB 3 andwidth — 


(Hi) 

h 



lo io 2 :o l io J it) 5 

10* 

10 7 10 s 

20 37 40 40 40 

37 

20 0 


1 


Ir7 2 Since lhc overall transfer fUr.u fc j un l>t IhiLC :if three 
identical STC LP circuits in .. ascadc fbui udth im kill- 
ing cflbcls since the huffer amplifiers have uipyi and 
zero output resistances'll the overall g;un will imp by 
3 dB below lhc value ml tk at the frequency for which 
die gum of each STC' circuit as t dfi down. This fifr 
quency is found ns follows; lhc transfer function of 
each S'E't circuit is 

1 


w bin c 


Tims. 


ru) 


d% - x/ck 


ir(/tu)| 


20 log 


M5J 

•fi?)'"' 


-t 


e*, 

Wiju D 0.51 ft\, 

£U WfJ -0,51 /Of 

1.73 K, - IQG hft r since the 3-d Li frequency is reduced 
by li very high factor {from 6 MH/ to 120 LHzj C* 
must be much larger than ( Thus, neglecting (.', we 
find C, tram 

120 kHz ^ . \ .. 


lnC 2 x I0 > 

=> C 2 = C S3 pF 


Thevenin 



It site ,-rigin.il 3 IB frequency (0 M1I/.J it attributable 
to C] then 

6 MHz = 




=> C, = 


2jtfXftX I C ^ x 10 s 


= 0.26 pp 


1.7-1 




Since when C h connected the 3-dB frequency is 
reduced by a large Factor. the value id' f ' must he much 
larger than whole ver parasitic capacitance originally 
enisled at m de A (i.e,. between A and gnmiid). Further- 
more, it must be itm C is now the dominant determinant 
t>f the amplifier 5-JB frequency (i.e.. it is dominating 
.^ui wliaie ver may he happening at node ff or any 
w here else in die amplifier). Thus, we can write 


150 kH* = 
I. j¥„ | i'V R ja) — 


ffR a ) 
i_ 

2jtk 150 x lO’x I X L(> " 


= i.0fi kSJ 

Now R l± - 100 kii. 

Thus R,. | = i .07 kfi 
Similarly, for node B. 

15 kHz = 


R a 2 $ ~ 


l 


2-trx IS x 10 x 1 x 10 
= 10.6 kO 
R„, - I IS k£2 



She should conned a capacitor of value C p in node B 

] 


where f. ,, can he found from. 


10 kHz = 


=> C. 


, J 

2kx la x Ifl- X 10 6 10 j 


•* ] .5 nF 

Note MiiiS if she chooses, in uw rn ^ Lc A she would nei,\l 
to Connect a eapacitor IQ lime linger! 

US 



FOf thfc input circuit [lie comer frequency is found 
from 

J 0| 


For/ m £ ](K)H*, 
1 


inC ,( io + m)x io 


=*c,2 




£ 100 


i/rx | (Ox (0 ! x JO 


= 4.4 x 10' 


Thus we Kelect C, - 1 x 10 T F = 0. I pH Hie acuiai 
comer fieipjency re .suiting froiri r, stilt be 


/m| = 


2/rx |Q T x 1 [Qx I0 J 
For ihc om pul circuit. 


= 14.5 Hit 


f 01 - 


2nC 2 [M 0 + R L ) 


For / 01; < 100 Hz, 
1 


■ 2 jtC 2 (1 f |)x] 0 ! 

^ c, > L 


< 100 


2jtx2x 1 O' x TO" 


= O.Sx 10 


Select r 3 — l x 10 b = 1 yl' 


This w ill place the Comer frequency at 

I 


f<y }- 


2 k x I0“x2x IO 1 
Us 1 = 100 J 1 


-ho \\/ 


f 1 + 4 1 

.( 1 + —5— ) 

V 2*/<J 

■ 2^/^/ 


1,76 Hie T P factor » (1 remits m ji Mode 

plot like that in Fig, I 2.1 (h) with the ^ dli frequency 
4 = I0 J Has, The higft-pj.s-s factor 1/(1+ IQ l /tf) 
letulit in j Bode plot like that in Fig 1,24(4) with 
lhc 3 dh frequency f u = It) 4 [{/.. 

The Bede plot Ft she overall transfer function can 
he obtained by summing die <1H values of the two indi- 
vidUniJ plots and then raunji the resulting plot verti- 
cally 6y 40 dB (corresponding io the factor I HQ In die 
numerator) The result i> ,w folkw.s 

\Aj t iJii 



37 37 

V j/ 

UrttCT approximation 
(3‘<tB fiequojcfe;) 

Baixlwidth SO* - IO 3 = 930Q Hz 

1.77 

VXs) 1/ sC t | 


r.m = 


jJB frequency - 


Vjs) ] /.<€, + R t sC t Ri + I 
t . 1 


LP 


2jrCj/f [ jfflO :J Uf 


= 15.4 Hz 


For 7"„C.v j . Lire following covalent circuit can hr. uyed: 



1 + C } (S : + H\) 

■ UB ^ UCfltya «tr^ 

= L _ - 53 Hit 

ZttIOO* 10 J x to* 10* 


/. TU) = TM)TM} 


■ -6frf] 7 >: 


] + 


j + f2;rx 53) 


2wx 1 5,9 X Mi* 


+ 2i'l ilLnie-CBde —30 dH/de^ade 



Bandwidth®* 16 kHz 53 Hz. ~ !6kfu 
L78 


A'. 



J o satisfy con^rimi ■ j \ namely 



We suhslilule m F q.il i U* obtain 


fhns 


ff; 



100 

100 


loo 


which cun 1w expressed as 

a, _ 1 ~ Trio 

i?i ' ' JL 

100 

resulting tn 


a) 

'Jin: 3 tJH Frequency is determined by the pan i lie I HC 
circuit M ihe output, 

f .It, *_L L 

0 i it 





Td (Obtain a value for greater than 4 speci I led value 
/ Jjt5 vfc select CflHT 



-j- 2.2 !zC l Ji jh ■ -“ 
«£ 


R a < ! — - m 

2xfid a C L — 

A c 

To ciu>:'> cocsstraieit. r 3 ;i , wc find detej mine the dc gain us 

degain ^^L-GJRJIRJ 

jv f + A. , 

F t die Jc gain. to be greater iltan a specified vnlue A,-,, 


*, + ft. 


% 


.1 

too 


The first factor ‘<n the LHS is (from constraint (!)) 







grruner Or eqU;d Id (I - l/' I f >C> j . Tints 


O' s 


*8 


(■ 


{31 


Sulvitiluling ffj - 10 kli arid ,r - J0 -, m f T i rasuliv m 


ll t z lt>^- lj = 40 ka 

Substituting /^h ■ 3 MHx, Q. **■ 10 pF and ft; • 10 k£j 
in luj. (2) rcnull!> in 

R v S — - — — =11.3 kQ 

l y. I0 fi x ! 0 k to )J - — 

itr 

Substituting 4(i = &0. x = 20%. R lm = 10 kQ, and /T„ * 
l LI Hi, c*\. (3> rcJiuhs in 

O m £ — - = IKS 5 mA/V 

111 

If 'the more practical value of ft, |0 F5.1 is used then 


G m * — H = 20 mA/V 

(t--^)nomxio 1 

1 .7‘J Us i ng I he voll age -tfi v tder rule we t tbliti n 

V* _ J£i_ 

V* Zi+Z* 

where 

Zl-fljX find Z^Rjf-^r, 
sC, sC 7 

Jl is obviously more cruivenienl h> work in terms "t 
admittances. Therefore we express V [ /V i in ihc alter- 
nate litrrn 

A = A 
v, y, + y 2 


This transfer functk n will he independent of frequency 
i if the second factor reduces to unity. 'Hiis. in turn 
will happen if 

C, + C,Ut K,l 

which can be simplified as follows 



or 

Wlien this condition . ij>plits, the atierumtor i\ uld to be 
■< fixated. and tts transfer function is given by 

K _ „£j__ 

A c,+c a 

which* using lit] ill above can be expressed in the 
alternate form 

K = _J = 

A |+ *. R t + Rj 
* 2 

Hmjs when die attenuator is corn peri sated (<‘ , | - 

( b'j its transmi ojori be determined either by its 
two resistors ft,, R z or by rii two capacitors. C\, C 5 . and 
the iranstnisxson :s noi a function of frequency. 

1,K<J Hie HP S IT circuit nbosc response determines, 
itie frequency response of the amplifier in die low- 
frequency range has a phase angle of i l.4' J jU/= 100 Hz. 
Using the equation for ZTijoi] from Table 1.2 we 
obtain 


anti substitute F, - [l/Zf^ + sC’i anil Y 2 ~ fl/TM + 
.tC. in obtain 

V. . t- C ‘ 


±+4-+Mb,+C i ) 

K 1 


S 4 


I 


C t R. 


C] + C : 


a 4 


'C,4C 


-U+±) 

A. ft, Rj 


~ - 114 B ^ A = 20.16 H/. 

The LP STC circuit whose resiponse determines the 
ampi trier response at ihc higti- frequency end has a 
phase angle of -l 5.4"' at /= 3 kHz Using the relation- 
ship fur ZT(j(/o giver, in Table L2 we obtain for the 
LPSTC circuit. 

t sfi J 

-uin' — = -U.4 * => A = 4959-4 \U 
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i 




At / - 1EKJ H/, Elie drop in gam is due it? ihe Ht J S I'C 
network, and thus it value i-. 


2D Ing 


Rpf 

J l 100 J 


^ -0 17 dB 


Similarly. lH/= 1 U!z ihe drop in ga:n is caused by the 
! P STC network ITw <Fn>j> m gain is 


20 log 


V U«9.4^ 


= -Q 17 dB 


The gain drops hy 3 dll a; ahe comer frequencies ml 
lhe two STC networks, that is, «/= 20. Ifr H/ and 
/- 4959,4 Hi'. 

1,8 1 m u = V tm - ^ = 3,3 — 1 . 7 = liV 


Wf, 


V' r 


1,3-0 = 1.5 V 


1.82 



(a) A r .W w -V 0ff ~ V w =^7.5=L5V 
A'M,, = V xt - Vox. = 1-5 — 0_5 = 1 V 

(b) In the irons idem region 

V D = 4-3.5fV,-I.5) 

= 9.25 - 3J>V t 
If 

V t) = V,3*4,5V 0 = 9,25 
Vo = Vj— 2.-06 V 
Cc) Slope = -5.5 \7V 


l .83 

Wff = k 4 .ji , | | - V,j( = 0,U Vqq - 1 >.& V/xs = 0 .2 

MM* = V,, - ^ - ( 0.4 - 0 . 1 )V m = 0 . 3 V JWJ 
wi- hh ■ 4 transition region = ^!tf VlL a 
for ii im nurture! jV.lf of I V =? 0.21/^, = ! 

/ we =5 V 

L84 

U) Worse case jVM„ = V oHi mlll - V m = 2.4 - 2 = 0.4 V 
Worse Case = 0 .& - 0.4 = 0.4 V 

tb) = If 5 x 3 + 5 x I | = U) in W 

(c j 1 )y n ,i m i c fn iwer d i s s ipaiin 1 1 /,. ■ vhn 

I0 ft *43x 10 13 x 2$ - M3 mW 

id i // typical) = "fO m + r mf ) • i {7 + ll)<= 9 ns 


f/Cnvuimurn) - c E ? h 22 ) = 18.5 ns 

Z 


1..SS 


5 V 



■ii • 2kll 


D.2kn >n m 

■ L-' 


0,1 V J- 

i> LOW q HIGH 

%=IV v tH = 2 V 

(a) V 0L = 5 3 0.2 + 0 . 1 = Q.545 V 

^oh “ 5 V 

^-^-K'.= 3V 
■' 4/, -0.455 V 
( b> V ow = 5 - ;V f 0,2 x L 0“ V = 5 - 0 ,4jV 
= 5 - <i .4 jV -2-3 - 0.4:V = 1 1455 


■V = 6 





E&) (i) *d,. ^ = ts -O.nV-2.2 m = 10,9 tnW 
<ii) /J /3 vmDM = 5 x (0.2 x 6) = 6 mW 

\.Ht> (n) V 0L = 0 l-V - .1 NAi l = V fS - Vm = 25 - 
0 = 2.5 V 

iV.l/jr = 1%, - - 5 - 2.5 - 2,5 V 


V 



Vfi LOW V„ 1 1 IC H 

Hor , | (5) a 2S 

but 3 - f I^VlO ") In ~ = f). 69 ns. 

For t wl V^t) = =4.5 V 

?! = 0.01 ns V 0 (/ j = S *^*» c = o .5 V 
6*23 ns 

= *: - 0 = 2,2 ns 



[0 V B (,) - 5- (5-0)f""“ r = 5 - 5/' r ~ c 

V 0 = 5-Sf W ""' : „ 2.5 ns 


For rjj^r. 

V^U) ^ 5— 5r " = 0.5 =j f| = 0, ID ns. 

v o(t) = 5 ~ "' ‘ ‘ = 4 5 =*t t = 2 3 ns 

hw s 2 5 -0 1 =22 ns 
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*W-JV 

^'5-2xl=3V 

JJts ^»«fc“/CVwi = JOtlx Iff* |(] x [0 i3 x25^ 
25 mW 

t fa Vap/^-Sl^wlS mW 

™ 5 rnv\ 

1.851 


ft 

— — < k — o vjt) 



u rAO t--t,irii at jptl rises toward V 0f( {in this case 
Vaa - V^cj according to 

~ v m - i r, ’W - v^t) I? tfLJ? 

= r, = C# Q B.D. 

z^ D (0 nractes |[V^ W + V M ) ai t - t eL/r , 

2^<w + v ol) = ^tw^O'W - 1 


?jt-Uj- = 0.69 ns 


-■ f WJV = I, ! n 2 = a 69C# Q.E.D. 


Thus. 


1251) £ K£287?£l 


(b.) 


l 





■f/ii 

3 ^fH, O'ot ” 

s V + < v flW- v * t>* ' t? Q^D 

“ ^0 / (i£ + 


ITiUS, 

^■«jl - Tj In 2 = 0.69C { R if 

= 0.6y C^, * H Q.E.D 

ft) Tp e 'r/.fi + fj'j./r ) - ^ x ^{C 7? + C J^o,) 

=-0.3 5CR, for Q.n.Q, 


S L' I L’C [ i »g k = 1 kJ3, 

c> =± 0.35 K 10 x 10 1 2 jc 2 x 10 1 *» 7 

F = - x — 1= 6,25 jnW 

2 2 


t nnuoilH'ffri L4W 

« 0.5 

cr < 


% = E00 t<XM) 


T M 


KM) I 


UK) 


= [Ox = 7 0? 
lt n 


"L 


to 


; = ~ = 0,W)9 
820.3 


- 413.1 


ifi 

(1,5 x HXJx 10 x | - 4S0 

P L = 0-5 W = «l/ft c 

[f , r p= Jft. 5x ]liT> - 7.07 V 


Unnumbered 1,50 


(d> Sialic power dissipated only when die output is 
low. in which case 

for R -&. R, 

R + R oe R 

■ i rnl assuming dial V MiCl < V-r.. tTiiis tf the inverter 
spends i inly half ibe lime m this leu -output state, 

P _ i vL 

2 R 

it) Large R results m low P but nigh t> anti vice-versa 
For V DD = 5 V and C = IQ pF, 

* t^lOns =e> OJ5O?<10ns 

=> R < 2875 Q 

1 ">6 i 

* P <, t() m\V =5 - y. — < 30 x 10" 

2 R 

-r>R* ] 250 a 


Required overall voltage gam - 7.07/ 0.00 = 205.7 = 
235 WV. 


flVtl'lLl] 



in order to avoid the loss of more than 2/3 of the 
-i^nni strength in coupling the .source to the first stage 
of the amplifier, we have use the type (3), high- input 
resistance amplifier us (he input stage. Ooth lype 2 and 
type .1 do not satisfy this requirement. The type (l) 
amplifier has an open-circuit voltage gain of IQ and tlius 
eon ncct by itself satisfy The overaJI pin requirement. 
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VVV i]t-sc( cuTiMifcr awuinlinj' roc iy[< t I) input sOi>:c 
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Tims, JiiittELSi .nlr mn|Tlificr d«*:> Hfl jisom ‘[v.s Vhe 
i i-.tM 'it i\ ijbviuuti from tin: cukuMioiv the ciue; ue 

ixtsisEEiriCDk I k!2, is U.hj high I'nr feeding j Im^l of li>:.' ( .i 
nnd indeed results iti it luss <>1 gain by ;i fat lor "f I I : 


Thai's wbctj; the type ( 3 i amplifier >t^\c cun lx: bene 
Ik nl. Wlule iti OfKT+cktUit gain k only I . output 
rt.-.v.iAni. c js 20 U five usirr-. Iriwcr than. ihe 100 £2 IojkI 
The overall impEllier would then faok ;ts fallows 


Overall village n-on - 
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l +0.5 


x I0x 


10 


10 + 10 


x lOOx 


10 100 
30+] 100 + 20 


= 252.5 V/V 

which meets. the spectfkd s*isn ol 235 V/V 
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